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Abstract

Introduction

Recently , red blood cells have been investigated
mainly for alterations in ion transporting capacity, membrane bound enzymes or modifications in the structure
of its individual constituents in clinical and experimental
urolithiasis. However, the implication of such modifications on the physical state or morphology of cells has
not been investigated. Scanning electron microscopic
studies performed in vitamin B6 deficient and/or galactose fed rat (established hyperoxaluric models) erythrocytes, showed the presence of large number of stomatocytes, spherocytes and other variously deformed cells as
compared to discocytic cells seen in normal control
group. These changes in shape were in concurrence
with red cell osmotic fragility, which decreased both in
vitamin B6 deficient and vitamin B6 deficient + galactose fed group (19 % and 33 % hemolysis at 4 g/1 NaCl,
respectively) while it increased in galactose control
group (73 % hemolysis at 4 g/1 NaCl) as compared to
normal control group (55 % hemolysis at 4 g/1 NaCl).
These morphological and physical state alterations could
be correlated with red blood cells' membrane cholesterol
and phospholipid sub-class distribution. These findings
suggest that some structural membrane changes occur
due to vitamin B6 deficiency and/or galactose feeding,
which may be responsible for the altered membrane
functions known to be associated with pathogenesis of
urolithiasis.

Extensive research in the field of membrane biochemistry in the last decade has attributed a number of
metabolic defects, inherited or acquired, to the altered
state of membrane. Several lines of evidence, for example, increased oxalate transport in intestine and kidney
(Gupta et al., 1988), enhanced oxalate binding to inner
mitochondrial membrane and intestinal brush border
membrane (Laxmanan et al., 1986; Kou) et al., 1991),
crystal induced membranolysis (Wiessner et al., 1986),
indicate involvement of membrane in calcium oxalate
urolithiasis.
Erythrocytes, form a prototypal system for enquiries
into the structure and functions of biological membranes
and reflect the membrane alterations existing elsewhere
in the body (Garay et al., 1980). Two unique features
of mammalian red cell, i.e., its discoid shape and ability
to undergo passive deformation during passage through
microvasculature, are maintained by the lipid bilayer and
submembrane reticulum of membranous proteins (Goodman and Kathleen, 1983 ; Nakao et al. , 1990; Elgsaeter
and Mikkelsen, 1991). Perturbations in the skeletal
assembly are known to cause increased rigidity and
irrecoverable membrane flow (Evans and Hochmuth,
1976), leading to cellular deformity and fragmentation
(Palek and Jarolim, 1993).
Vitamin B6 deficiency (Gershoff, 1970; Nath et al. ,
1990) and excess consumption of refined sugars (Ribaya
and Gershoff, 1984; Kaul et al., 1993) have been shown
to produce hyperoxaluria and nephrocalcinosis in experimental animals. Hyperabsorption of oxalate by the intestinal and renal brush border membrane in vitamin B6
deficient rats (Gupta et al., 1988), suggests an underlying defect in cellular transport of oxalate in vitamin deficient conditions. This was also demonstrated by significantly increased transmembrane oxalate flux observed in
erythrocytes of vitamin B6 deficient rats (Kaul et al.,
1993). Alterations in the erythrocyte oxalate transport
have also been reported in idiopathic calcium oxalate
stone formers (Baggio et al., 1986; Narula et al., 1991).
This increased oxalate flux in the erythrocytes of stone
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Table 1. Composition of the diet.
(g/100 g)

Ingredient
Casein 1

25.0

Carbohydrates

23.0 (Sucrose)

+

51. 7: Galactose

28. 7 (Starch)
Groundnut oil

15.0

mixture2

6.1

Vitamin B6-free
Vitamin mixture3

2.2

Salt

1Commercially

available casein was made vitamin free
by repeated washings with ethanol and water.
2Procured from SISCO Research Laboratory, Bombay.
3Prepared as described in ICN catalogue (Nutritional and
Biochemical Division of ICN, Cleveland, Ohio)

Figures 1 (above) and 2, 3 and 4 (on the facing page).
Scanning electron micrographs of rat erythrocytes.
Figure 1. Vitamin B6 control group. Figures 2A and
2B. Vitamin B6 deficient group. Figures 3A and 3B.
Vitamin B6 deficient + galactose group. Figures 4A
and 4B. Galactose control group. Bars = 1 µm in all
micrographs except Figure 3A, where bar = 10 µm.

formers has been speculated to be due to altered phosphorylation of band-3 protein (Baggio et al., 1990,
1991). Increased band-3 protein phosphorylation is
known to produce morphological changes in erythrocytes
as reported in South-East Asian ovalocytosis (Jones et
al., 1991) and hereditary spherocytosis (Jarolim et al.,
1990).
Therefore, to investigate if functional alterations in
erythrocytes, similar to ion transporting capacity, membrane bound enzymes (Selvam and Sumathi, 1987) or
lipid peroxidation (Selvam and Ravichandran, 1991) observed in urolithic conditions, are also associated with
changes in red cell shape and physical properties, the
present study was conducted to determine alterations in
morphology [using scanning electron microscopy (SEM)]
and physical state (osmotic fragility) of erythrocytes in
experimental hyperoxaluria, induced by feeding vitamin
B6 deficient diet with or without galactose to male rats.
Studies were also performed to correlate these changes
with erythrocyte membrane lipid composition.

Group D: Galactose control: Pair-fed with group
C with the same diet supplemented with 24.0 mg pyridoxine HCl/kg diet.
Rats were fed their respective dietary regimen for a
period of four weeks. At the end of experimental period, the clinical symptoms of vitamin B6 deficiency, i.e.,
acrodynia and alopecia, were prominent in group A and
C and the deficiency was biochemically confirmed by assaying erythrocyte alanine transaminase activity and its
pyridoxal phosphate stimulation index (Kishi and
Folkares, 1976). The animals were placed in metabolic
cages for 24 hours urine collection, which was analysed
for oxalate (Hodgkinson and Williams, 1972) and
creatinine (Natelson, 1963). Blood was drawn into
heparinised tubes from the optic sinus of rats under mild
anaesthesia and processed for further studies.

Materials and Methods

Scanning electron microscopy
Scanning electron microscopy of red blood cells
(RBC) was performed by the method of Dershwitz et al.
(1985). Fresh RBC gently suspended in excess of 3 %
phosphate buffered glutaraldehyde (pH 7.4) were allowed to fix for 30 minutes. The preparation was
washed twice with phosphate buffered saline (PBS) to
remove excess glutaraldehyde and cells refixed with 1 %
osmium tetroxide. The cells were then dehydrated by
step-wise exposure to increasing concentrations of ethanol (50% to absolute). The cells were exposed to each
ethanol concentration for 5-10 minutes and centrifuged.

Male albino rats of Wistar strain (body weight 40-50
grams) were divided into four groups of 8 animals each.
Group A: Vitamin B6 deficient: Fed ad libitum on
vitamin B6 deficient diet (Table 1).
Group B: Vitamin B6 control: Pair-fed with group
A with same diet supplemented with 24.0 mg pyridoxine
HCl/kg diet.
Group C: Vitamin B6 deficient + galactose: Fed
ad libitum on vitamin B6 deficient diet containing galac-

tose (51. 7 %) as sole source of carbohydrate.
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Table 2 . Effect of vitamin B6 deficiency and/or galactose feeding on the osmotic-fragility of rat erythrocytes.
Values are mean ± standard deviation (SD) of 8 observations.

100
~
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% Hemolysis at
4 g/1 NaCl
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20

A: Vitamin B 6 deficient
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B: Vitamin B 6 control
4.08
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Figure 5. Effect of vitamin B6 deficient, vitamin B6 deficient + galactose, and their respective control diets on
rat erythrocyte osmotic fragiiity. Values are mean ±
SD of 8 observations. Osmotic fragility was determined
using the continuous dilution method described in the
text. The extent of hemolysis is plotted for different salt
concentrations in g/1. The test tube containing the lowest buffer salt concentration (1 g/1 NaCl) gives the level
for 100% hemolysis. The curve for vitamin B6 deficient
(•-•) and vitamin B6 deficient + galactose (0--0)
groups are shifted to lower region, whereas galactose
control group (x-x) curve is shifted to higher fragility
region as compared to the vitamin B6 control group
curve (•-•).

73 ± 6.2abc3

"MCF = Median corpuscular fragility: the concentration
of saline causing 50% hemolysis.
1p < 0.05, 2p < 0.01 and 3p < 0.001 as compared to
vitamin B6 control (analysed by students unpaired t-test) .
ahcDenote that the value is significantly higher from the
value for the group represented by that letter, i.e., group
A, B, C, respectively (analysis by ANOV A and
Scheffe's test at p < 0.05) .

for colorimetric estimation of cholesterol (Zlatkis et al.,
1953), glycolipids (Dubois et al., 1956) and total phospholipids (Marinetti, 1962). Different classes of phospholipids were separated by thin-layer chromatography
(TLC) on silica gel-H using chloroform: methanol : ammonia (65: 25: 4 v/v) as the solvent system (Stahl,
1969). The separated phospholipids were visualized
with iodine vapors, scraped from the TLC plates and
analysed for lipid phosphorus.

Air-drying of the cells was avoided by keeping a small
volume of ethanol above the pellet after each step. A
few drops of cell suspension in absolute alcohol was put
on a polished stub, air-dried, coated with gold (on a JFC
1100, sputter coater JEOL) and examined in JEM 1200
EX electron microscopy with ASID attachment (JEOL),
operated at an accelerating voltage of 20 kV.
Osmotic fragility test
Osmotic fragility of erythrocytes was measured in
terms of lysis in hypotonic saline by the method of
Goda] and Heist (1981). Fifty microliters ofheparinized
fresh blood was added to 10 ml PBS of varying concentrations (1-9 g/1 NaCl). The tubes were kept at room
temperature for 1.5 hours, remixed and centrifuged at
250 g for 15 minutes. Hemoglobin content of supernatant was read on a spectrophotometer at 540 nm. The
amount of lysis in each tube was compared with that in
100% lysis tube (1 g/l NaCl).

Statistical analysis
Statistical comparison of two groups (treated and its
respective control) was done by Student's unpaired ttest. For multiple comparisons, with a single control
and for all possible comparisons, analysis of variance
(ANOV A) and Scheffe's test was used. The difference
was considered statistically significant when the
probability of chance occurrence was < 0.05.
Results

Erythrocyte lipids
After 4 weeks of feeding respective diets, vitamin
B6 deficiency was confirmed by a significant decrease in
erythrocyte alanine transaminase activity in groups A

Lipids were extracted from the red cells by the isopropanol chloroform extraction procedure of Rose and
Oklander (1965). Aliquots of the lipid extract were used
1130
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Table 3. Effect of vitamin B6 deficiency and/or galactose feeding on erythrocyte membrane lipid composition (values
are mean ± SD of 8 observations).
(mg/ml packed cells)

Groups

--------------------------------------------------------------Total lipids

Phospholipids

A. Vitamin B6 deficient

6.13 ± 0.57

3.88 ± 0.65

1.31 ± 0.09 2

0.74 ± 0. 12

0.68 ± 0.06 3

B. Vitamin B6 control

6.09 ± 0.62

3.56 ± 0.54

1.46 ± 0.11 8

0.78 ± 0.09

0.83 ± 0.08 8

C. Vitamin B6 deficient
+ Galactose

6.38 ± 0.86

3.71 ± 0.63

0.82 ± 0.08

0.78 ± 0.06

D. Galactose control

6.42 ± 0.41

3.40 ± 0.68

1.42 ± 0.14
1.85 ± 0.llabc3

0.85 ± 0.09

1.12 ± 0.09abc3

2p

Cholesterol

Glycolipid

(molar ratio)
Cholesterol/
Phospholipid

< 0.01 and 3p < 0.001 as compared to controls (analysed by Student's unpaired t-test).

abcDenote that the value is significantly higher from the value for the group represented by that letter, i.e., group A,
B, C, respectively (analysed by ANOV A and Scheffe's test at p < 0.05).
and C (P < 0.001) and about 6-7 fold increase in pyridoxal phosphate stimulation index as compared to control groups (groups Band D). At the end of experimental period, significant hyperoxaluria was induced in vitamin B6 deficient + galactose group (1.5 ± 0.022 mg
oxalate/mg creatinine, p < 0.001), galact0se control
group (0.89 ± 0.15 mg/mg creatinine, p < 0.001) and
vitamin B6 deficient group (0.47 ± 0.12 mg/mg creatinine, p < 0.01) as compared to vitamin B6 control group
(0.31 ± 0.07 mg/mg creatinine).

towards the left, whereas the curve for galactose control
is shifted towards the right as compared to the osmotic
fragility curve of normal rat erythrocytes (group B).
Vitamin B6 deficiency, with and without galactose feeding (groups A and C), significantly lowered the median
corpuscular fragility (MCF: concentration of saline causing 50% hemolysis) in comparison to that of the vitamin
B6 control (Table 2). The galactose control group
(group D) had a significantly higher MCF when compared to the control (group B). These results indicate a
decreased erythrocyte osmotic fragility in pyridoxine deficiency (groups A and C) and increased osmotic fragility by galactose feeding (group D). This is also evident
from the lower percentage of hemolysis at 4 g/1 NaCl
concentration in vitamin B6 deficient groups (groups A
and C) and the higher percentage hemolysis in the galactose control group (group D) than in the vitamin B6 control group (group B) (Table 2).

Scanning electron microscopy
Figures I to 4 show the scanning electron micrographs of erythrocytes in various experimental groups.
Figure I shows the normal biconcave cells (discocytes)
in the vitamin B6 control group (group B). In vitamin
B6 deficient rats, with or without galactose feeding (i.e.,
groups C and A, respectively), the majority of cells have
abnormal morphology and the field depicts cup-shaped
(stomatocytes), flattened (leptocytes) and other variously
deformed cells (Figs. 2A, 2B, 3A and 3B). However,
among the two vitamin B6 deficient groups , extent of deformity is more pronounced in the vitamin B6 deficient
+ galactose group (Figs. 3A and 3B), showing almost
all the cells in deformed shapes (Figs. 3A and 3B), including a few pitted cells (Fig. 3A). Most of the cells
in galactose control group are spherical in shape, i.e.,
spherocytes (Figs. 4A and 4B). The cells in this group
have abnormal surface appearances, with some of the
cells showing pitted surfaces.
Osmotic fragility

Erythrocyte membrane lipids
Erythrocyte membrane lipid analysis depicted no
significant change in total lipid, total phospholipid and
glycolipid content in any of the groups studied (Table 3).
However, the cholesterol content was significantly increased (p < 0.001) in the galactose control group
(group D) and decreased (p < 0.01) in the vitamin B6
deficient group (group A) when compared with the vitamin B6 control group (group B). Erythrocyte membrane
cholesterol content was observed to be maximum in the
galactose control group (group D). The molar cholesterol-to-phospholipid ratio was significantly increased by
35 % in the galactose control group (group D) and decreased by about 18 % in the vitamin B6 deficient group
(group A) and 6 % in the vitamin B6 deficient + galactose fed group (group C) in comparison to the vitamin
B6 control group (group B) (Table 3).

Figure 5 shows the erythrocyte osmotic fragility
curves in vitamin B6 deficient rats with and without galactose feeding and their respective controls. The osmotic fragility curves for vitamin B6 deficient group and
vitamin B6 deficient + galactose fed group are shifted
1131
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Table 4. Effect of vitamin B6 deficiency and/or galactose feeding on various phospholipid fractions in rat erythrocyte
membranes (values are mean ± SD of 8 observations) .
% of total phospholipids

------------------------------------------------------------------------------------------------------Lysophosphatidyl Sphingomyelin
choline
(SM)
(LPC)

GROUPS

A. Vitamin B6
B. Vitamin B6 control
C. Vitamin B6 deficient +
galactose
D. Galactose control
1p

Phosphatidylcholine
(PC)

Phosphatidylserine (PS) +
Phosphatidylinositol (PI)

Phosphatidy 1ethanolamine
(PE)

3.1 ± 1.4
3.0 ± 1.5
2.8 ± 1.2

17.8 ± 2.4 1
21.0 ± 2.8
20.0 ± 2.2

35.6 ± 4.1
34.4 ± 3.6
34.0 ± 3.1

18.0 ± 3.8
19.6 ± 3.6
18.5 ± 3.2

25.3 ± 2_3b2
22.0 ± 2.0
24.7 ± 2.lbl

2.0 ± 1.0

25.0 ± 3. label

31.6 ± 3.5

18.4 ± 3.0

23.3 ± 3.0

< 0.05 and 2 p < 0.01 as compared to vitamin B6 control group (as analysed by Student's unpaired t-test) .

abc Denote that the value is significantly higher from the value for the group represented by that letter, i.e., group A,
B, C, respectively (analysed by ANOVA and Scheffe's test at p < 0.05) .
Among individual phospholipids (Table 4), sphingomyelin (SM) was significantly Jess (p < 0.05) in the
vitamin B6 deficient group (group A) and significantly
higher (p < 0.05) in the galactose control group (group
D) than in the vitamin B6 control group (group B). The
SM content of erythrocyte membrane was higher in the
galactose control group (group D) than in any other of
the three groups (p < 0.05, analysed by Scheffe's test).
When compared to that of the vitamin B6 control (group
B), phosphatidylethanolamine (PE) content was significantly higher in both the vitamin B6 deficient group (p
< 0.001) and the vitamin B6 deficient + galactose fed
group (p < 0.05). Levels of other phospholipid fractions, viz., phosphatidylcholine(PC) , phosphatidylserine
+ phosphatidylinositol (PS + PI) and lysophosphatidylcholine (LPC), did not show any significant change in
any of the experimental groups.

porter (an integral membrane protein) have been reported in calcium oxalate stone formers (Borsatti, 1991) and
hyperoxaluric animals (Kaul et al., 1993). The present
study has revealed significant changes in membrane lipid
composition in erythrocytes of animals fed pyridoxine
deficient diet with and without galactose to produce hyperoxaluria. These alterations are probably contributing
towards morphological changes observed by SEM. Cholesterol depletion has been shown to induce discocyte to
stomatocyte transformations (Chailley et al., 1981 ;
Lange et al., 1982) which is in accordance with the results of the present study showing stomatocyte formation
in vitamin B6 deficient group (having reduced red cell
membrane cholesterol levels) and spherocyte formation
in the galactose control rats (which have significantly
higher membrane cholesterol content). In proportion to
their cholesterol-to-phospholipid ratio, discocyte-to-stomatocyte transformation was more pronounced in vitamin B6 deficient group than in vitamin B6 deficient +
galactose group. Lange et al. (1980) proposed that cholesterol constraints the membrane contour against invagination leading to morphological alterations. The effect
of membrane cholesterol levels on erythrocyte shape
have also been suggested to be mediated through altered
protein and lipid phosphorylation by membrane bound
kinases (Chailley et al., 1981). The erythrocyte shape
abnormalities are also produced because of the asymmetry in distribution of membrane lipids between the
two halves of RBC lipid bilayer (Daleke and Huestis,
1989). Higher sphingomyelin content (primarily found
in the outer leaflet; Devaux, 1992) in galactose control
group (group D), and higher phosphatidylethanolamine
(present in the inner leaflet of the bilayer) in vitamin B6

Discussion
The normal erythrocyte is capable of maintaining
the discoid shape unstressed throughout its life-span.
However, under certain instances, in which biochemical
alterations lead to weak skeleton, applied stresses in circulation result in membrane fragmentation and generation of spherocytes and other poikilocytes (Palek and
Jarolim, 1993). Although the maintenance of shape has
been mainly ascribed to spectrin-actin network underlying the erythrocyte membrane (Beaven et al., 1990;
Nakao et al., 1990), lipids and other integral proteins of
the cell membrane are also known to contribute to shape
maintenance (Elgsaeter and Mikkelsen, 1991; Palek and
Jarolim, 1993). Alterations in erythrocyte anion trans-
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deficient groups (groups A and C), is also probably contributing to spherocytic and stomatocytic transformations
observed respectively in these groups. Selective insertion or removal of phospholipids from inner or outer
membrane leaflets has been shown to induce echinocytic
or stomatocytic transformations (Lange and Slayton,
1982). In addition to alterations in shapes, surface pits
were observed in vitamin B6 deficient + galactose
(group C) and galactose control (group D) groups. Such
surface pits have been reported in neonatal red cells and
splenectomized adult red cells (Matovcik and Mentzer,
1985) and are described as sites of formation of endocytic vacuoles (Holroyde et al., 1969). Scanning electron micrographs of vitamin B6 deficient + galactose fed
rats (Figs. 3A and 3B) showed the majority of cells in
deformed shapes, which may also be because of reduced
cellular deformability resulting from increased membrane rigidity probably due to a very high lipid peroxidation observed in erythrocytes of this group (unpublished observation). Membrane rigidity is a primary cause
of reduced cell deformability (Yip et al., 1983) and
erythrocytes treated with hy9rogen peroxide have been
shown to have reduced cell deformability due to
peroxide induced membrane rigidity (Synder et al. ,
1988).
Osmotic fragility used as a measure of the physical
state of the cell-membrane is related to changes in both
the structural proteins and composition of the lipid bilayer. The shape of the erythrocyte also reflects its osmotic properties. The biconcave disc of the normal
erythrocyte creates an advantageous surface area to volume relationship, allowing the cells to undergo marked
deformation while maintaining the constant surface area.
Greater osmotic fragility of erythrocytes in the galactose
control group (group D) than of normal erythrocytes can
be explained both on the basis of increased membrane
cholesterol and spherocytic shape. Cholesterol rich
erythrocytes have been reported to have increased
osmotic fragility (Uysal, 1986). Also, the spherocytic
cells have an increased volume to surface area, and thus,
have a limited ability to take up water before causing
osmotic lysis. Similar increases in red cell osmotic
fragility have been noticed in patients with hereditary
spherocytosis (Becker and Lux, 1992). Erythrocytes of
vitamin B6 deficient and vitamin B6 deficient + galactose groups were osmotically more resistant than normal
cells, which is due to their stomatocytic (cup-shaped)
and leptocytic (flattened) appearance, which gives them
a lower volume compared to surface area. Flattened or
oval erythrocytes of patients of South-East Asian ovalocytosis (Saul et al., 1984) and magnesium deficient rats
(Tongyai et al. , 1989) have also been shown to have
decreased osmotic fragility.
Thus, the results of the present study indicate that

the altered red cell morphology and osmotic fragility in
hyperoxaluric, vitamin B6 deficient and/or galactose fed
rats is predominantly due to the altered membrane lipid
composition.

Acknowledgements
The authors wish to thank Mr. M.L. Sharma of the
Central Instrumentation Laboratory, Panjab University,
Chandigarh, for high resolution SEM studies.

References
Baggio B, Gambaro G, Marchini F, Cicerello E,
Tenconi R, Clementi M, Borsatti A. (1986). An inheritable anomaly of red-cell oxalate transport in "Primary"
calcium nephrolithiasis correctable with diuretics. N.
Eng. J. Med. 314: 599-604.
Baggio B, Marz.am G, Gambaro G, Marchini F ,
Williams HE, Borsatti A. (1990) . Glycosaminoglycan
content, oxalate self-exchange and protein-phosphorylation in erythrocytes of patients with idiopathic calcium
oxalate nephrolithiasis. Clin. Sci. 79: 113-116.
Baggio B, Gambaro G, Francesco M, Giovanni M,
Williams HE , Borsatti A. (1991). Correction of erythrocyte abnormalities in idiopathic calcium-oxalate nephrolithiasis and reduction of urinary oxalate by oral glycosarninoglycans. Lancet 338: 403-405 .
Beaven GH, Parmar J, Nash GB, Bennett PM,
Gratzer WB. (1990). Effect of magnesium ions on red
cell membrane properties. J. Membrane Biol. 118: 251257 .
Becker PS, Lux SE. (1992) . Disorders of the red
cell membrane. In: Hematology of infancy and childhood. Vol. 3. Nathan DG , Oski FA (eds.). Saunders,
Philadelphia, PA. pp 529-632.
Borsatti A. (1991). Calcium oxalate nephrolithiasis:
defective oxalate transport. Kidney Int. 39: 1283-1298.
Chailley B, Giraud F, Claret M . (1981). Alterations
in human erythrocyte shape and the state of spectrin and
phospholipid phosphorylation induced by cholesterol
depletion. Biochim. Biophys. Acta 643: 636-641.
Daleke DL, Huestis WH. (1989). Erythrocyte morphology reflects the transbilayer distribution of incorporated phospholipids. J. Cell. Biol. 108: 1375-1385.
Dershwitz M, Tsiao CH, Novak RF. (1985). Metabolic and morphologic effects of the antimicrobial agent
nitrofurantoin on human erythrocytes in vitro. Biochem.
Pharrnacol. 11 : 1963-1970.
Devaux PF. (1992). Protein involvement in transmembrane lipid asymmetry. Annu. Rev. Biophys.
Biomol. Struct. 21: 417-439.
Dubois M, Gilles KA, Hamilton JK, Rebers PA,
SmithF. (1956). Colorimetric methods for determination
1133

P. Kaul et al.
of sugars and related substances. Analytical Chem. 28:
350-356.
Elgsaeter A, Mikkelsen A. (1991). Shapes and
shape changes in vitro in normal red blood cells.
Biochim. Biophys. Acta 1071: 273-290.
Evans EA, Hochmuth RM. (1976) . Membrane
visco-plastic flow. Biophys. J. 16: 13-26.
Garay RP, Dagher G, Pemollet MG, Devynck MA,
Meyer P. (1980). Inherited defect in a Na+, K+ -Cotransport system in erythrocytes from essential hypertensive patients. Nature 284: 281-283.
Gershoff SN. (1970). Production of urinary calculi
in vitamin B6 deficient male, female and castrated male
rats. J. Nutr. 100: 117-122.
Godal HC, Heist H. (1981). High prevalence of increased osmotic fragility of red blood cells among Norwegian blood donors. Scand. J. Haematol. 27: 30-34.
Goodman SR, Kathleen S. (1983) . The spectrin
membrane skeleton of normal and abnormal human
erythrocytes: a review. Am. J. Physiol. 244: C121C141.
Gupta R, Sidhu H , Rattan V, Thind SK, Nath R.
(1988). Oxalate uptake in intestinal and renal brush border membrane vesicles (BBMV) in vitamin B6-deficient
rats. Biochem. Med. Metab. Biol. 39: 190-198.
Hodgkinson A, Williams A. (1972). An improved
colorimetric procedure for urine oxalate. Clin. Chim.
Acta 36: 127-132.
Holroyde CP, Oski FA, Gardner FH. (1969) . The
"pocked" erythrocyte. Red cell surface alterations in the
reticuloendothelial immaturity of the neonate. N . Engl.
J. Med. 281: 516-520.
Jarolim P , Ruff P, Coetzer TL. (1990). A subset of
patients with dominantly inherited hereditary spherocytosis has a marked deficiency of the band-3 protein.
Blood 76 (Suppl. 1): 37 (abstract).
Jones GL , McLemore-Edmundson H, Wesche D ,
Saul A. (1991) . Human erythrocyte band 3 has an
altered N-terminus in malaria-resistant Melanesian
ovalocytosis. Biochim. Biophys. Acta 1096: 33-40.
Kaul P, Sidhu H, Sharma SK, Thind SK, Nath R.
(1993). A comparative study of erythrocyte oxalate flux
rate and urinary oxalate excretion in hyperoxaluric rats.
Biochem. Mol. Biol. Int. 31: 83-93.
Kishi H, Folkares K. (1976). Improved and effective assays of the glutamic oxaloacetic transaminase by
the coenzyme system (CAS), principle. J. Nutr. Sci.
Vitaminol. 22: 225-234.
Koul HK, Thind SK, Nath R. (1991). Oxalate binding to rat intestinal brush-border membrane in pyridoxine deficiency: a kinetic study. Biochim. Biophys. Acta
1064: 184-188.
Lange Y, Slayton JM. (1982). Interaction of cholesterol and lysophosphatidylcholinein determining red cell

shape. J. Lipid Res. 23: 1121-1127.
Lange Y, Cutler HB , Steck TL. (1980). The effect
of cholesterol and other intercalated amphipaths on the
contour and stability of the isolated red cell membrane.
J. Biol. Chem. 255: 9331-9337.
Lange Y, Gough A, Steck TL. (1982). Role of the
bilayer in the shape of the isolated erythrocyte membrane. J. Membrane Biol. 69: 113-123.
Laxmanan S, Selvam R, Mahle CJ, Menon M .
(1986). Binding of oxalate to mitochondrial inner membranes of rat and human kidney. J. Urol. 135: 862-865.
Marinetti GV . (1962). Chromatographic separation,
identification and analysis of phosphatides. J. Lipid Res.
3: 1-20.
MatovcikLM, Mentzer WC. (1985). The membrane
of the human neonatal red cell. Clinics in Haematol. 14:
203-221.
Nakao M, Kojima Y, Sato S, Hara Y, Wak K.
(1990). Stornatocytic or discoidal erythrocyte ghosts
containing only spectrin. Biochem. Biophys. Res.
Commun. 168: 1318-1324.
Narula R, Sharma S, Thind SK, Nath R. (1991).
Oxalate uptake by erythrocyte inside-out vesicles (IOV)
of idiopathic stone formers and normal subjects. In: Biomembranes in Health and Diseases. Kidwai AM, Upreti ,
RK, Ray PK. (eds.). Today and Tomorrow 's Publishers,
New Delhi, India. pp. 115-120.
Natelson S. (1963). Urine creatinine determination
using alkaline picrate method. In: Microtechniques of
Clinical Chemistry. Natelson S. (ed.). C.C. Thomas
Publishers, Springfield, IL, USA . p. 196.
Nath R, Thind SK, Murthy MSR, Farooqui S,
Gupta R, Kou) HK. ( 1990) Role of pyridoxine in oxalate
metabolism. Ann. N.Y. Acad. Sci. 585: 274-284.
Palek J, Jorolim P. (1993). Clinical expression and
laboratory detection of red blood cell membrane protein
mutations. Semin. Hematol. 4: 249-283.
Ribaya JD, Gershoff SN. (1984). Effects of sugar
and vitamin B6 deficiency on oxalate synthesis in rats.
J. Nutr. 112: 2161-2169.
Rose HG, Oklander M. (1965). Improved procedure
for the extraction of lipids from human erythrocytes. J.
Lipid Res. 6: 428-431 .
Saul A, Lamont G, Sawyer WH, Kidson C. (1984).
Decreased membrane deformability in Melanesian ovalocytes from Papua New Guinea. J. Cell. Biol. 98: 13481354.
Selvam R, Ravichandran V. (1991). Effect of oral
methionine and vitamin E on blood lipid peroxidation in
vitamin B6 deficient rats. Biochem. Int. 23: 1007-1017.
Selvam R, Sumathi R. (1987) . Studies on the
changes in phosphatases in plasma and RBC membrane
in calcium oxalate stone patients. Ind. J. Clin. Biochem.
2: 81-84.
1134

Erythrocyte SEM and osmotic fragility
known to mainly mediate Cr/HCo3 - exchange. Inhibition of erythrocyte oxalate flux by DIDS has also been
reported in many idiopathic stone formers (Baggio et al.,
1984).
In non-erythroid cells, several distinct transporters
functionally related to band-3 have been reported
(Aronson, 1989). In rat colon mucosa, oxalate and
chloride share a common transport pathway and the er
exchanges with HCo3- (Hatch et al. , 1984). In rat renal
brush border membrane (BBM), oxalate has been shown
to be transported via Na+ -SO42- co-transport system
(Bastlein and Burckhardt, 1986), as well as by oxalate:
OH- exchange via the anion transport system
(Yamakawa and Kawamura, 1990). In the rabbit proximal tubular BBM, a chloride (formate)/oxalate exchanger has been identified (Kaminski and Aronson, 1987).
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Reviewer IV: When comparing the oxalate:creatinine
ratio with visual morphological changes, small changes
in membrane composition and structure seem to occur
even at intermediate levels of oxalate. The cells in
Figures 4A and 4B (group D) have the most abnormal
shapes. The cells from group D shown in Figure 4A is
pitted, while there is debris in Figure 4B. Oxalate levels
in group D are two to three times higher than those
found in control groups A and B. Group C is almost
twice as hyperoxaluric as even group D.
Authors: Pyridoxine deficiency in rats produces significant hyperoxaluria and is also known to cause a generalized alteration at the membrane level indicated by increased oxalate uptake by intestinal and renal brush border membrane (Gupta et al., 1988) and enhanced oxalate
flux in the erythrocytes (Kaul et al., 1993). Hyperoxaluria in galactose fed rats (group D) is mainly due to increased endogenous synthesis of oxalate, whereas highest urinary oxalate levels observed in pyridoxine deficient rats fed galactose (group C), were due to cumulative effect of both enhanced endogenous synthesis and
membrane alterations (Kaul et al., 1993). As observed
in the present paper, vitamin B6 deficiency and galactose
feeding lead to distinct alterations in membrane composition (Tables 3 and 4) hence producing different alterations in shape and osmotic fragility even though both
cause hyperoxaluria.
In our previous paper (Kaul et al., 1993, to which
the reviewer has referred) , it was observed that increase
in urinary oxalate does not concurrently increase the
transmembrane oxalate flux in erythrocytes; this was
also reported by other investigators (Baggio et al. , 1986;
Motola et al., 1992). It was suggested that increased
erythrocyte flux is observed only when the defect is at
the membrane level and not in all cases of idiopathic calcium oxalate lithiasis.
Please see next page for additional references.

Discussion with Reviewers

P.O. Schwille: What is the impact of higher than normal oxalate blood level on damage to transporting epithelia, isolated cells such as in blood?
Authors: Although there are no reports available which
directly correlate the blood oxalate levels to membrane
damage, moderate increase in urinary oxalate has been
shown to damage renal tubular epithelium as assessed by
urinary excretion of tubula{ enzyme N-acetyl-8 glucuronidase (Khan et al., 1989). Increased levels of lipid
peroxidation in erythrocyte membranes have been reported in kidney stone formers (Anuradha and Selvam,
1989) suggestive of membrane alterations by increased
oxalate levels.

P.O. Schwille: ls there evidence from the literature that
oxalate itself or oxalate-dependent processes interfere
with carriers such as the Na+ /H+ antiporter, Cr/HCo3exchanger, etc.?
Authors: Studies in our laboratory (Kaul et al. , 1994)
on erythrocytes treated withisothiocyanoderivativeDIDS
(a potent inhibitorofband-3 transport system), exhibited
a significant inhibition (about 40-60 %) of oxalate uptake,
implying that major bulk of oxalate transport in erythrocytes is mediated via band-3-anion transporter which is
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